Purpose: To characterize ethical, legal, and social issues unique to population genetic database research and to determine the relevance of international recommendations and guidelines for addressing these issues in the development of "genebank" projects globally. Methods: Building on our previous description of eight international genebanks, we conducted a comprehensive electronic search and literature review of relevant publications and consulted national and international documents applicable to genebank research. Results: We identified and characterized five categories of ethical, legal, and social issues unique to genebank development: sponsorship and benefit-sharing, neutrality and regulatory power of ethics committees, public engagement, consent, and data protection. We illustrate these issues with examples from specific genebanks. Not all of the issues are addressed in current international guidelines, many of which are nonspecific and unenforceable. Conclusion: The trend of genebank development promises to provide new discoveries to the field of medical science and to greatly improve public health. However, there is a growing need for more explicit, enforceable, and coordinated international guidelines relevant to the development and implementation of genebanks. By comparing ethical, legal and social issues as they arise in genebanks, researchers can better evaluate how to best use these projects to improve public health while protecting participating populations. Genet Med 2003:5(6):451-457.
The sequencing of the human genome has provided the international research community with a wealth of new information to use in further researching the role of genetic susceptibility in complex disease. 1 However, maximizing the utilization of this information to benefit public health globally necessitates population-based knowledge regarding the frequency of susceptibility alleles, disease penetrance estimates, and the role of gene-environment interactions. 2, 3 To fulfill these goals, large regional populations are being recruited in many locations for the development of genetic databases. With the exception of the project in the Kingdom of Tonga, which was terminated due to ethical conflicts, development on all of these genetic databases has progressed significantly in the last year. These databases promise to further identify new genes that predispose individuals to common diseases, elucidate gene function, and improve public health by contributing to advances in medicine and pharmacogenomics.
We previously characterized population genetic databases, which we termed "genebanks" and defined them as "a stored collection of genetic samples in the form of blood or tissue, linked with medical and genealogical or lifestyle information from a specific population, gathered using a process of generalized consent." 4 Although consent for most genetic research is obtained for a specific disease and research agenda, genebank projects obtain "generalized consent" for an unspecified set of common diseases and for an undefined period of study. We earlier identified and described eight such project proposals that explicitly meet this definition; these are located in Iceland, the United Kingdom, Estonia, Latvia, Sweden, Singapore, Quebec, Canada, and the Kingdom of Tonga. These projects were proposed or begun with support from government and/or commercial organizations. We also identified two projects in the United States, located in Minnesota and Wisconsin, proposed by nonprofit medical clinics. The strategies used in all of these projects involve mapping susceptibility genes for complex diseases using linkage and/or association studies and studying variable responses to medical treatments for pharmacogenomic discovery.
While the characteristics of genebanks vary considerably, 4 all raise similar ethical, legal, and social issues that need to be examined as the projects develop. In this study, we identify and examine five general categories of ethical, legal, and social issues (ELSI) in genebank development: genebank sponsorship and benefit-sharing, ethics committees, public engagement, consent, and data protection. We illustrate specific issues using examples from established and proposed genebank projects, and evaluate the relevance of guidelines and recommendations provided by various international and regional ethics bodies in addressing these issues.
METHODS AND RESULTS
To identify ethical, legal, and social issues relevant and unique to genebank research, we undertook a comprehensive electronic search and literature review, using such search terms as biobank, genetic database, population genetics, and genetics and ethics, and terms specific to previously identified genebank projects. Documents reviewed include project and company Web sites, government documents, relevant news articles, and scientific and legal journal publications on the ethical, legal, and social issues in genetic research and health databases. Once the issues were identified, we consulted national and international policy documents that serve as relevant guidelines or recommendations for the conduct of governments and genetic researchers in constructing health databases. We identified thirteen relevant documents from eight organizations (see Table 1 ) [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] and applied these principles to ELSI issues that arise in genebank development and regulation. Whereas most of the policies were published within the last six years, we also included two well-established documents pertaining to research on human subjects: the Declaration of Helsinki 5 and the Belmont Report. 14 It is important to note that, with the exception of Council of Europe Conventions, 9 none of these policies are legally enforceable. Furthermore, Council of Europe Conventions are only legally binding for those states that ratify them; 18 of the present list of countries with proposed genebank projects, only Estonia has ratified the Council of Europe's Convention on Human Rights and Biomedicine. 19 Genebank sponsorship and benefit sharing Every genebank project involves varying levels of government and commercial support and some form of distributing the benefits of the research. For example, commercial companies with government approval and licensing initiated the DeCode, UmanGenomics, and Autogen projects in Iceland, Sweden, and the Kingdom of Tonga, respectively. Government and commercial roles in genebank initiation and development each provoke specific concerns among project participants and observers regarding privacy and commercialization, and also lead to different mechanisms for distributing the potential benefits of research.
The role of the national government in several genebank projects raises unique concerns regarding the privacy of individual participants. The World Medical Association (WMA), in its 2002 Declaration on Ethical Considerations Regarding Health Databases, stated specifically that, "every precaution should be taken to respect the privacy of the subject." 6 However, the WMA leaves the idea of "every precaution" vague and undefined, and is therefore difficult to implement. Because no international privacy laws exist, the responsibility for protecting the privacy of individuals falls to national or regional governments. Therefore, the governmental sponsorship of some genebanks creates a conflict of interest between the government's interests in the success of the genebank and its responsibility to protect citizens and participants. In countries with socialized medicine, this could create fear that a government may attempt to reduce health care costs through practices such as withholding treatment from, or discouraging reproduction by, individuals with certain genetic traits. In the United Kingdom, Genewatch UK has organized opposition to Biobank UK focusing particularly on this issue. 20 Commercial investment and involvement is often necessary in large-scale genetic database projects due to their large cost of development. However, financial gain by commercial investors raises objections to the commodification of a population's genetic heritage. [21] [22] [23] Commodification in this context refers to the objectification of individuals and subordination of social value and self-constitution to market forces. 24, 25 Such objec- Recommendation on the Protection of Medical Data (1997) 8 Convention on Human Rights and Biomedicine (1997) 9 United Nations Educational, Scientific and Cultural Organization Draft Report on the Collection, Treatment, Storage and Use of Genetic Data (2001) 10 Declaration on the Human Genome and Human Rights (1997) 11 Human Genome Organization Ethics Committee Statement on DNA Sampling: Control and Access (1998) 12 Statement on Benefit Sharing (2000) 13 Regional Ethics Guidelines The Belmont Report (1979) 14 Swedish Medical Research Council (1999) 15 Network of Applied Genetic Medicine (Quebec, Canada) (2000) 16 National Bioethics Advisory Committee (U.S.) (1999) 17 tions contributed to the failure of a proposed project in the Kingdom of Tonga. 26 Although all of the ethical guidelines surveyed state clearly that genetic material should not be collected for the purposes of discrimination, the collection of samples for the purpose of financial gain is more ambiguous. Article four of the Declaration on the Human Genome and Human Rights states that the human genome should not give rise to financial gain in its natural state, 11 but it is uncertain whether population genetic data constitutes the genome in its "natural state." Unfortunately, most references to this concept are vague; the Council of Europe states that "all of humanity" should enjoy the benefits of genetic research, and article 17 of the Universal Declaration of Human Rights states that all individuals have a right to property of which they cannot be arbitrarily deprived. 9, 27 In the funding of genebank projects, a conflict can arise between fair compensation for the organizations financially invested in projects and the participants, or "genetic donors." This issue is often referred to as "benefit sharing." 28 Although most international guidelines and recommendations for human genetic research allow for commercial pursuits, they maintain that benefits should be shared with participants in a fair manner. However, there are no means for legal enforcement of benefit sharing and no standard for what constitutes "fair" distribution of benefits. 29 Some commercially funded genebank projects, such as deCode, UmanGenomics, and the Estonian Genome Project, pay a fee for use of the database information to the national Department of Health for improvement of health services. This arrangement follows the Council of Europe recommendation for benefit-sharing, stating, "parties, taking into account health needs and available resources, shall take appropriate measures with a view to providing, within their jurisdiction, equitable access to health care of appropriate quality." 9 However, the guidelines do not include a definition of appropriate quality of care, and it is not clear that the payment of a fee to the health care system adequately compensates individuals of a population for their assumed risk in a genebank project. Additional conflicts of interest may arise regarding who determines this fee.
The benefits of research may also be shared by reporting results directly to participants to improve their medical services. As disease susceptibility genes are identified through population genetic research, the clinical utility of data within genebanks may compel the release of information. 30 However, because result reporting to individual participants requires linking participant identity to data and samples, the maintenance of confidentiality within the genebank becomes more difficult. 31 DeCode has chosen not to release information to Icelandic participants, but promises to provide pharmaceuticals that result from the research free of cost to the Icelandic population. 32 At the Marshfield Clinic, new treatments resulting from database research will be published in periodic newsletters sent to participants. 33 Plans for the Estonian Genome Project involve the release of genetic information to participants and their physicians for use in medical care. 34 This, however, raises an additional issue, in that the release of genetic susceptibility information to participants may precede the availability of associated disease treatments as well as create additional risks, such as emotional and psychological harm. It may also result in increased health care costs for related services such as additional physician visits.
Neutrality and regulatory power of ethics committees
All of the identified genebank projects have associated ethics committees to oversee project development and to ensure that protocols for data collection and management are created with the welfare of potential participants in mind. However, the value of these committees depends on their neutrality and the amount of regulatory power they are delegated in project decision-making. Article 13 of the Declaration of Helsinki states that, "states should recognize the value of promoting, at various levels as appropriate, the establishment of independent, multidisciplinary and pluralistic ethics committees to assess the ethical, legal and social issues raised by research on the human genome and its applications." 5 Ethics committees are charged, in principle, with protecting participants according to guidelines outlined in such international documents as the Universal Declaration on the Human Genome and Human Rights. 11 At the Marshfield Clinic, an Ethics and Security Advisory Board was convened in order to guide the overall design of the Personalized Medicine Research Project on issues including confidentiality, nondisclosure of genetic analysis, and content of all major documents, especially the informed consent form. Biobank UK assembled an Ethics and Governance Interim Advisory Board to discuss ethics issues as the project develops and to advise the genebank sponsors on how to approach those issues. 20 The neutrality of genebank ethics committees can be compromised by members' conflicts of interest or partiality in the appointment of members. For example, in Iceland, the Minister of Health stipulated that research conducted using genebanks would be overseen by a National Bioethics Committee, which would approve operational protocols in accordance with the Declaration of Helsinki. 35 The formation of this committee has been criticized for a number of reasons. First, the original committee, which was critical of some aspects of the deCode project, such as the plan to use presumed consent, was replaced by one selected exclusively by government departments, rather than though external nominations. 35 Also, several of the new committee members reportedly sit on the Scientific Board at deCode, Inc. 36 Although guidelines and recommendations such as the Declaration of Helsinki address the need for independent and multidisciplinary ethics committees, they offer few standards by which the committees should be appointed and operated and, as evidenced by the Iceland example, they are not enforceable.
While genebank ethics committees are crucial for providing guidance and recommendations for progress on genebank activities, they often hold very little regulatory power over actual project development. A primary function of the committees is to interpret existing international guidelines and recommendations pertaining to genetic and health database research,
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Because gene discovery within a population has implications beyond its study participants, current genebank ethics committees may not protect all of the individuals at risk from the research. For example, the identification of a trait within a population might lead to the mistaken conclusion that the trait originated in, or is more prevalent in, that study population or related populations in other locations, possibly resulting in discrimination and stigmatization. At present, no international supervisory body exists to protect all those at risk from population genebank research.
Public engagement: Recruitment and education of participants
Collecting the large number of samples necessary for genetic database research requires a significant recruitment effort and necessitates public awareness of the possible risks and benefits associated with participation in the genebank. Such awareness is required for concordance with international guidelines for consent. In its Draft Report on the Collection, Treatment, Storage, and Use of Genetic Data, the United Nations Educational, Scientific, and Cultural Organization (UNESCO) states that public education must give equal and unbiased mention of the risks and benefits involved in genetic research, while reaching a relatively large and, ideally, representative sample of the population. 10 In addition, recruitment protocols need to address the interests of the study population, and their particular concerns about genetic research. For example, some genebank recruitment materials emphasize the personal benefit that participants may expect or the economic benefits that might occur in the region due to increased employment opportunities. 34 In another example, the Marshfield Clinic specifically notes that research studies will not be associated with such controversial topics as stem cell or cloning research, thereby anticipating study participants' concerns over how their information might be used. 37 However, because genebank developers have a significant interest in recruiting as many members of the population as possible, a conflict arises when they are also charged with conducting an unbiased educational campaign.
For quality and effectiveness in public education, genebank developers must have an understanding of the culture of the population involved in the research and the groups' level of genetic comprehension. Two of the reasons for the cancellation of the Autogen Ltd. project in the Kingdom of Tonga, where no education in genetics is offered, were the questionable ability of the population to understand the implications of the proposed research and conflicts between the values inherent in the local culture and genetic technologies and research. 26 Current guidelines and recommendations pertaining to genebank research offer very little practical guidance on the education of a participating population.
Physicians and health care professionals often play a role in recruitment and education efforts because they may be best suited for collecting samples and informing their patients about a genebank. For example, in Estonia, patients attending medical visits are invited to participate in the project by filling out extensive health questionnaires and donating blood samples. 38 However, health practitioners may, even inadvertently, provoke a feeling of obligation among their patients to participate in genebank projects. Because many cultures have a paternalistic medical tradition, it may be difficult to ensure that informed consent is provided by a process in which individuals must choose not to participate in a project in the presence of an authority figure, their physician. 39 An indirect, but still undeniable, form of coercion in recruitment took place in the deCode genetics project when individual Icelandic citizens invested financially in the company. DeCode's agreements with the Icelandic government involved a significant amount of investment in the company by the national banks. Bank officers then urged citizens to invest in deCode and a large marketing campaign also encouraged investment. 40 The creation of this "gray market" in the country and considerable promotion of the stock compounded this situation and led a large proportion of the Icelandic population to become financially invested in deCode, Inc. Since this flurry of investing, which surrounded the passing of the Health Sector Database bill in 1998, the value of a single share in deCode has dropped from over US$60 to less than US$5. 40 -42 This deflation makes investors dependent on the project's future success for recouping their personal financial losses, which may make them feel obligated to participate in studies associated with the genebank.
Informed, presumed, and community consent
Consent is one of the most widely debated issues in the development of genetic databases. The World Medical Association Declaration of Helsinki gives a relatively concise and conclusive definition of informed consent:
In any research on human beings, each potential subject must be adequately informed of the aims, methods, sources of funding, any possible conflicts of interest, institutional affiliations of the researcher, the anticipated benefits and potential risks of the study and the discomfort it may entail. The subject should be informed of the right to abstain from participation in the study or to withdraw consent to participate at any time without reprisal. 5 Active, informed consent is the generally accepted form of consent in most biomedical research, including genetic research. 14 However, the scale of genebank research also necessitates community consultation and consent.
In contrast to the usual "opt-in" method of informed consent in genetic research, presumed consent occurs when representatives of a large community consents to research, requiring individuals to explicitly opt-out in order to be excluded. 43 The directors of the deCode project in Iceland define presumed consent as "the consent of society to the use of health care information according to the norms of society." 32 The government of Iceland, in passing health database legislation, permitted the use of presumed consent for the collection of medical data and, in the Iceland Act on Biobanks, informed consent for the purpose of collecting genetic samples. 44, 45 The use of presumed consent provoked an international controversy and dissenting opinions from many legal and scientific experts. 36 One scholar researching the project stated that the passage of the Icelandic legislation occurred with a "surprising lack of community consultation and public debate." 46 According to surveys, a majority of the Icelandic population supports deCode's research, although over 20 thousand people, or approximately seven percent of the population, have officially chosen not to participate. 29, 36, 47 Because genebank research generally includes information on a large proportion of a population, and can involve risks to nonparticipating and nonconsenting members of a population, community consultation is essential and community consent needs to be considered. Both the UNESCO Draft Report on the Collection, Treatment, Storage and Use of Genetic Data and the Council of Europe Convention for the Protection of Human Rights and Biomedicine call for appropriate public consultation, beyond education and individual consent, in biomedical research. 9, 10 However, these guidelines differ on their definitions of community consent, as do research publications regarding the subject. The definition of community consent has ranged from informing the public of genebank activities to including public opinion in determining the course of genebank development. Because of ambiguity surrounding the concept of community consent, and because no official guidelines or recommendations on the topic exist, it is difficult for researchers and observers to determine whether appropriate objective standards have been met in the genebanks under development.
Other unique issues related to consent arise in genebank research. For example, appropriate methods of obtaining consent must be used when children and individuals who are without the mental capacity to legally consent to participate are included in genetic research. 48 Because genebank developers seek to include large, diverse populations in their research, individuals with mental disabilities may not be afforded separate consent procedures, or may not be automatically excluded from presumed consent. Further, when samples and information have been previously collected, there is the potential for inclusion of data from deceased individuals, raising the question of whether consent is necessary for use of such information. 15 Finally, the necessity of collecting family data for health histories and genealogy means that information regarding nonparticipating, and nonconsenting, members of the population might be included in the databases.
Data protection: Confidentiality, data linkage, and data sharing Confidentiality procedures aim to ensure that information regarding participants is not disclosed without consent. 49 In genebank projects, the linkage of different types of data, and the sharing of genebank data with third party researchers, can compromise measures of confidentiality. The Declaration of Helsinki, 5 UNESCO, 10, 27 and the HUGO ethics committee 12 all stress the importance of upholding confidentiality procedures: "every precaution should be taken to respect. . . the confidentiality of the patient's information." 5 In order to maintain confidentiality, information stored in genebanks is often "coded" 4 ; that is, a unique identification number is attached to a sample to prevent information from being directly linked back to its donor. 17 Because the success of each genebank is largely dependent upon the willingness of the targeted population to participate, the assurance of maintaining confidentiality is an important element in the success of the genebank.
Genebanks have taken a variety of measures to maintain confidentiality of information, and these have been met with different responses and criticisms. For example, at the Marshfield Clinic, research project coordinators obtained a Certificate of Confidentiality from the National Institutes of Health. This certificate prevents researchers from being forced to disclose information that may identify an individual, even with a court-ordered subpoena, in any federal, state, or local civil, criminal, administrative, legislative, or other proceedings. 50 In addition, the coded data used in the Personalized Medicine Research Project is kept in a physically separate location, and on a different computer, from any other medical data at the Marshfield Clinic, and cannot be accessed on the Internet. 50 In another example, critics of the deCode project believe Iceland's geographic isolation and limited number of kindred relationships may make it difficult, if not impossible, for deCode to maintain the privacy and confidentiality of personal information. 31 Sample identification is of specific concern in smaller populations such as Iceland: "in a country with a relatively small population, information on genetics is likely to indicate biological lineage and to reveal identities of persons concerned." 31 Much of the utility of genebanks is derived from the linkage of genetic data, medical records and/or lifestyle information, and genealogical data for statistical calculations of disease risk. Data linkage in this context refers to combining several components of this information over time for an individual participant. While the potential for gene discovery using this approach is large, cross-linking various types of data increases the chances of identifying a participant and potentially violating confidentiality. 31 Genebank projects that continuously add medical information to a database over time must take added precautions to ensure confidentiality. 31 For example, in Biobank UK, participant medical records will be updated over at least 10 years so that researchers can prospectively track disease incidence over time. 51 Although linking the medical records of a participant in this way may pose a risk to the individual's privacy, the resulting incidence data are often more valuable than prevalence data in understanding disease etiology. 52 "Data sharing" refers to allowing third parties, such as independent academic researchers, access to genebank research data and results. Although many scholars argue that data derived in the development of genebanks ought to be freely available to all researchers to guarantee the rapid progress of medical research, the financial investment of genebank developers may create a reluctance to openly disclose data to outside researchers. 53 The decision to share data also raises issues related to an individual participant's right to know what research is Ethical, legal, and social issues in genebanks being conducted on his or her sample. The Council of Europe states that a participant ought to be informed of the purposes for which their data will be processed, as well as to whom their information may be communicated. 8 The potential scientific value and ultimate social benefits of research resulting from collaboration among scientists must be weighed against the loss of control, or autonomy, of participants over their biological sample. 54 For private genebank developers, such as deCode, datasharing strategies are designed to protect commercial interests. Legislation on the IHD (Icelandic Health care Database) grants power to a three-person committee, with members appointed by the government, the national university, and deCode, to determine access to genebank data, "provided that the research may not be expected, in the view of the committee, to have an adverse effect upon the licensee's commercial interests." 44 Proposals regarding data sharing in Biobank UK include requiring approval by an independent oversight committee. 55 Additionally, researchers using the Biobank UK data are required to report their eventual findings to a central database in order to increase the speed of the progress of research and enhance the utility of the database. 53, 56 Data protection also involves the future use and storage of personal information within a genebank. Many international regulations, such as the Declaration of Helsinki, require that individuals maintain the right to withdraw their genetic sample from a database at any time. 5, 6, 10 Different genebank projects, however, have varying requirements regarding the duration of storage and use of an individual's sample. For example, deCode's research protocol gives participants the choice of whether to participate in just one study, or in further studies that are yet to be disclosed. 57 Participants can choose to withdraw from the research at any time, therefore preventing further information from entering the genebank; however, they cannot have data removed from the genebank once it is entered. 57 
SUMMARY AND CONCLUSIONS
Genebank development is the logical next step of gene discovery research after the sequencing of the human genome. 58 However, research using national and regional populationbased genetic databases raises unique ethical, legal, and social issues that need to be examined. We have identified and characterized five categories of such issues: genebank sponsorship and benefit-sharing, neutrality and regulatory power of ethics committees, public engagement, consent, and data protection, not all of which are included in current international policy regulations and guidelines. In addition, existing policies are often nonspecific and not enforceable.
Thus, more empirical research examining specific issues, such as what constitutes a reasonable effort to protect privacy and the risks inherent in generalized consent, and a coordinated effort to develop comprehensive and widely applicable guidelines would be valuable. Although each genebank project provides its own mechanisms for protecting participants, the implications of genebank research extend well beyond national boundaries. Thus, as genebank projects progress, there is a growing need for more explicit, enforceable, and coordinated international policy guidelines. Several grassroots organizations, such as Mannvernd in Iceland and Genewatch in the UK, have manifested around specific local issues, but more coordinated advocacy on the international level would promote more effective policy development. Ideally, a global and independent advisory group would monitor the development of genebanks, assist in identifying potential issues as they arise, and generally ensure that genebank projects meet their goals of improving public health while protecting the participating populations.
